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Figure 1: Present limits (filled or solid) and future reach (dashed) for SI/SD scattering of
DM, shown in terms of the cross-section (left axis) or DM Higgs/Z coupling (right axis). For
SI scattering we show the current limit from XENON100 [1] as well as the projections for
LUX [4], SuperCDMS [5], and XENON1T [3]. For SD scattering we show the current limit
from XENON100 [6] on DM-neutron scattering, as well as the current limit from IceCube [2]
on DM-proton scattering, assuming annihilations into W+W� or tt̄ (estimated). We also show
our estimate for the reach of XENON1T [7] for DM-neutron scattering.

like to ask: what is the characteristic size for the SI and SD cross-sections expected of neutralino
DM which couples through the Higgs and Z bosons? Given the interactions,
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While �
SD

is typically considerably larger than �
SI

, SI experimental constraints are commensu-
rately stronger than SD, so these two limits are comparable in strength [21, 22]. Note that �

SI

depends on nuclear form factors, in particular the strange quark content of the nucleon. For our
analysis we adopt the lattice values of [20]. A more technical discussion of the strange quark
content of the nucleon is contained in App. A.

The SI scattering of DM with nucleons is highly constrained by null results from direct
detection experiments. At the forefront of this experimental e↵ort is XENON100 [1], an un-
derground, two-phase DM detection experiment which employs a 62 kg radio-pure liquid Xe
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Figure 1. History and projected evolution with time of spin-independent WIMP-nucleon cross section
limits for a 50GeV WIMP. The shapes correspond to technologies: cryogenic solid state (blue circles), crystal
detectors (purple squares), liquid argon (brown diamonds), liquid xenon (green triangles), and threshold
detectors (orange inverted triangle). Below the yellow dashed line, WIMP sensitivity is limited by coherent
neutrino-nucleus scattering.

of material screening, radiopure passive shielding and active veto detectors, has resulted in projected
background levels of ⇠1 event/ton of target mass/year. Innovations in all of these areas are continuing, and
promise to increase the rate of progress in the next two decades. Ultimately, direct detection experiments
will start to see signals from coherent scattering of solar, atmospheric and di↵use supernova neutrinos.
Although interesting in their own right, these neutrino signals will eventually require background subtraction
or directional capability in WIMP direct detection detectors to separate them from the dark matter signals.

A Roadmap for Direct Detection

Discovery

Search for WIMPS over a wide mass range (1 GeV to 100 TeV), with at least an order of magnitude
improvement in sensitivity in each generation, until we encounter the coherent neutrino scattering signal

that will arise from solar, atmospheric and supernova neutrinos

Confirmation

Check any evidence for WIMP signals using experiments with complementary technologies, and also with
an experiment using the original target material, but having better sensitivity

Study

If a signal is confirmed, study it with multiple technologies in order to extract maximal information about
WIMP properties

R&D

Maintain a robust detector R&D program on technologies that can enable discovery, confirmation and
study of WIMPs.

Community Planning Study: Snowmass 2013
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Figure 1: Present limits (filled or solid) and future reach (dashed) for SI/SD scattering of
DM, shown in terms of the cross-section (left axis) or DM Higgs/Z coupling (right axis). For
SI scattering we show the current limit from XENON100 [1] as well as the projections for
LUX [4], SuperCDMS [5], and XENON1T [3]. For SD scattering we show the current limit
from XENON100 [6] on DM-neutron scattering, as well as the current limit from IceCube [2]
on DM-proton scattering, assuming annihilations into W+W� or tt̄ (estimated). We also show
our estimate for the reach of XENON1T [7] for DM-neutron scattering.
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More	  thoughqul	  nuclear	  physics	  

Fitzpatrick,	  Haxton,	  Katz,	  Lubbers,	  Xu	  2013	  

Electrophilic	  dark	  maLer	  

	  Kopp,	  Niro,	  Schwetz,	  Zupan	  2009	  
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1.2  Summary of main recommendations 
 
Exciting times are ahead for particle astrophysics, with many new results 
emerging from operating projects and even more expected soon from the 
projects currently under construction.  
 
Recommendation: Even in the leanest budget scenarios, the full budgets for the 
projects that are already under construction or that are currently operating should 
be maintained.  Every operating project should have a well-defined sunset review 
date and a realistic plan for possible extended operations.  Sunset reviews and 
decisions must carefully consider international and multi-agency perspectives. 
 
 
The panel evaluated the scientific opportunities available under the different 
budget scenarios.  The opportunities include the following: 

• For dark matter direct detection: next-generation (G2) facilities capable of 
reaching sensitivity levels better than 10-46 cm2 (about a factor 400 better 
than present-day limits and a factor ~10 better than expected for the 
experiments already under construction), and third-generation (G3) 
experiments surpassing the 10-47cm2 level.  Details are different for the 
different technologies.  G2 experiments would have typical target masses 
of approximately one ton, with a construction and operation cost in the 
range of $15M-$20M, and G3 experiments would have target masses of 
many tons with a construction and operation cost around $50M. 

• For dark energy, several stage-IV projects have been proposed, including 
the space-based Joint Dark Energy Mission (JDEM) and the ground-
based Large Synoptic Survey Telescope (LSST), which are large, and the 
medium-scale ground-based BigBOSS project. 

• For the next step in the study of the highest energy cosmic rays, providing 
a factor of seven increase in statistics over the existing capabilities of 
Auger South and building on its achievements and expertise, the Auger 
North facility has been proposed.  To understand features in the cosmic 
ray spectrum at lower energy, the Telescope Array Low Energy extension 
(TALE) has been proposed.  For the next step in very high-energy 
gamma rays, providing at least an order of magnitude improvement in 
sensitivity and new capabilities, the large-scale AGIS array has been 
proposed as a joint effort with the European-led CTA project.  HAWC is a 
different kind of ground-based very high-energy gamma-ray detector, at 
much smaller scale, that would provide a factor of 15 improvement in 
sensitivity over its predecessor, Milagro.  There is also a small proposal to 
upgrade the existing VERITAS detector. 

• In CMB research, a relatively small level of support has been proposed for 
Fermilab participation in the QUIET II experiment. 

 

 6 

All of these projects have very high merit, but they do not all fit in the budget 
envelopes.  The prioritization criteria developed by PASAG are described in 
Section 2.  The programs are summarized below, along with the important 
discussion points that follow.  The priorities are generally aligned with the 
recommendations for the Cosmic Frontier in the 2008 P5 report.   
 
 
Scenario A (constant level of effort at the FY08 level) 
 
In dark matter, the current world-leading program is maintained, but world 
leadership would be lost toward the end of the decade: 

• Two G2 experiments and the 100-kg SuperCDMS-SNOLAB experiment 
are supported.  The technology selection for the G2 experiments should 
occur soon enough to allow the construction of at least one G2 experiment 
to start as early as FY13. 

• No G3 experiments can be started in this decade.  Progress will be 
slowed, risking loss of U.S. world leadership.  However, due to the risk of 
picking the wrong technology, this is preferable to descoping to only one 
G2 experiment. 

 
In dark energy, it is not possible to have major HEP hardware and science 
contributions to any large project.  World-leading participation is supported in 
only very limited areas (allocations to be determined, see Section 6).  
 
The High-energy Cosmic Particle area is severely curtailed in this scenario in 
order to preserve viable programs in dark matter and dark energy, and only the 
VERITAS upgrade and HAWC are possible.  Even in this very lean scenario, the 
diversity offered by these two projects is a priority, and their impacts are large for 
a relatively small investment.  Auger North and AGIS are not possible.  This 
would be a retreat from U.S. leadership in high-energy cosmic rays and high-
energy gamma rays (see Section 5).   
 
In Cosmic Microwave Background research, QUIET II is supported, along with 
possible other small investments in CMB research provided the prioritization 
criteria in Section 2 are clearly met. 
 
Scenario B (constant level of effort at the FY09 level) 
 
The current world-leading program in dark matter is maintained, but with some 
risk later in the decade: 

• Two G2 experiments and the 100-kg SuperCDMS-SNOLAB experiment 
are supported.  The technology selection for the G2 experiments should 
occur soon enough to allow the construction of at least one G2 experiment 
to start as early as FY13. 

• Only one G3 experiment can start in this decade.  Based on what is 
known at this time, to mitigate risk of picking the wrong technology, a 
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DOE “First Generation” (G1) DM Experiments 

Cryogenic Dark 
Matter Search 
(CDMS) at 
Soudan mine - 
germanium 
detectors 
- operating 

COUPP Bubble Chamber – at SNOLAB 
- commissioning 

Large Underground Xenon (LUX) detector – 
Sanford Lab, Homestake mine, commissioning 

Axion Dark Matter eXperiment 
(ADMX) Phase-2a at U.Washington 
-commissioning; start science run 
in summer 

DarkSide-50 – Dual-Phase liquid argon TPC at LNGS; 
commissioning 

M.	  Salamon,	  3/2013,	  HEPAP	  

Operating 40-80 kg CF3I 

350 kg L Xe (120 kg Fiducial) – Result Operating 50 kg Liquid Argon (39Ar Depl.) 

Operating 9 kg Ge 
Result – 0.8 keVnr thresh, 0.6 kg 

Operating 

(NSF	  too)	  
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NSF	  DM	  Experiments	  

  

DRIFT-II

● Low-Pressure (40 Torr) TPC

C
E
N
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A
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C
A
T
H
O
D
E

LEFT MWPC

RIGHT MWPC

FIELD CAGE

VACUUM VESSEL

E field E field

Eric Miller 2013

XENON100– operating since 2009, LNGS.   
Liquid Xenon 161 kg Total, 32-40 kg Fiducial, 
Numerous publications. 

DRIFT-II – operating, 
Boulby (UK), 1/30 kg 
fiducial gas CF4 + CS2. 
Directionality. 
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XENON100

Ethan Brown 3/17TAUP, Sept 8 - 13 2013

PMTs:

242 Hamamatsu R8520 
in TPC and Active Veto
High QE: Bottom tubes > 
30%
Low Radioactivity: < 10 
mBq/PMT

30 cm drift length and 30cm ϕ
161 kg total (62 kg sensitive volume)
Material screening and selection
Active liquid xenon veto
100x lower background than XENON10

TPC:

E. Aprile et al. Phys.Rev.D83:082001,2011 

E. Aprile et al. (XENON100), Astroparticle Physics 35, 573 (2012).



G2	  

•  PICO250	  (Picasso	  +	  COUPP)	  400	  kg	  C3F8/640	  kg	  CF3I,	  SNOLAB	  
•  ADMX-‐G2	  –	  Axion	  DetecEon,	  Univ.	  	  Washington	  
•  SuperCDMS-‐SNOLAB	  –	  110	  kg	  Ge/Si,	  SNOLAB	  
•  LZ	  (LUX	  +	  ZEPLIN)	  –	  7000	  kg	  Liquid	  Xe,	  SURF	  (Homestake)	  
•  Darkside-‐G2	  –	  5000	  kg	  Liquid	  Ar,	  LNGS	  

•  XENON1T	  Upgrade	  –	  7000	  kg	  Liquid	  Xe,	  LNGS	  
–  $7.4M	  NSF,	  $7M	  Other	  for	  XENON1T	  

•  DRIFT-‐III	  –	  1	  kg	  Fid.	  CF4/CS2	  (Gas,	  DirecEon),	  Boulby	  UK	  
•  DM-‐Ice	  250	  North	  –	  250	  kg	  NaI,	  LNGS	  

2013	  R&D	  –	  proposals	  very	  recently.	  `Downselect’	  in	  1/2014.	  
FY	  2014-‐2017	  ConstrucEon	  +	  several	  (3-‐5)	  years	  operaEons	  

22	  

G2	  w/o	  R&D	  Award	  



PICO-250 – Exhaustive characterizations of response �
� Monochromatic ~90 keV neutrons 

from Tandem @ Montreal�

Best electron-recoil insensitivity�
of any DM detector�

Acoustic alpha rejection�

Ability to reach ~3 keVnr threshold �
with ~1E-10 electron recoil rejection! �

Y-88/Be calibrations�
(notice energy scale) �
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ADMX	  –	  G2	  

552

SEATTLE, WASHINGTON—In the age of the 

27-kilometer-long atom smasher and the 

50,000-tonne underground particle detector, 

the Axion Dark Matter Experiment (ADMX) 

hardly looks grand enough to make a major 

discovery. A modest 4-meter-long metal cyl-

inder, it dangles from a wall here at the Uni-

versity of Washington’s Center for Experi-

mental Nuclear Physics and Astrophysics, as 

shiny and inscrutable as a tuna hung up for 

display. A handful of physicists tinker with 

the device, which they are preparing to lower 

into a silolike hole in the fl oor. The lab itself, 

halfway down a bluff on the edge of campus, 

is far from the bustle of the university. Yet 

ADMX researchers will soon perform one 

of the more important and promising experi-

ments in particle physics.

Starting late this year, ADMX will 

search for elusive, superlight particles called 

axions. Predicted by nuclear theory, axions 

could provide the mysterious dark matter 

whose gravity holds the galaxies 

together. As a dark-matter can-

didate, axions have long been 

eclipsed by so-called weakly 

interacting massive particles, 

or WIMPs. But despite decades 

of searching, no one has defi ni-

tively detected WIMPs, and the 

odds may be shifting in axions’ 

favor. “I think there’s a lot more 

focus on axions now because 

WIMPs haven’t been found,” 

says Pierre Sikivie, a theorist 

at the University of Florida in 

Gainesville and a member of the 

ADMX team.

ADMX isn’t new. The col-

laboration started in 1996 at 

Lawrence Livermore National 

Laboratory in California and 

has made successive improve-

ments to the experiment. The 

current iteration commenced in 

2010, when Leslie Rosenberg, 

the leader of the effort, moved 

from Livermore to Washing-

ton, carting the experiment with 

him. Now ADMX research-

ers are about to take a crucial 

step. In the next few years they 

should achieve the sensitivity 

to provide a rare thing in dark-

matter searches: a clear-cut 

yes-or-no answer.

Theory constrains the prop-

erties of axions so tightly that 

if ADMX researchers don’t 

see them, then axions must not 

constitute the universe’s dark 

matter, Rosenberg says. In con-

trast, a null result in a WIMP 

search generally sets a limit on 

how detectable WIMPs are but 

can’t harpoon the basic concept. 

ADMX “is the only dark matter 

experiment I know of that can 

either see a candidate at a high 

confi dence level or exclude it at a high con-

fi dence level,” Rosenberg says.

Strong suspicions

Theorists didn’t invent the axion to explain 

dark matter. Rather, they cooked it up to solve 

a puzzle involving the strong nuclear force, 

which is conveyed by particles called glu-

ons and binds particles called quarks in trios 

to form the protons and neutrons in atomic 

nuclei. The problem is that the interplay of 

A rare yes/no effort promises to prove either that hypothetical particles called axions 
are the universe’s elusive dark matter—or that they can’t be

Dark Matter’s Dark Horse

Gearing up. Gray Rybka (front) and 

Leslie Rosenberg with ADMX.
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•  SNOLAB 6010 mwe	  

SuperCDMS SNOLAB Experiment	  

Ge iZIP 1.4 kg	  

Ge Tower 8.4 kg	  Payload 110 kg of	

Ge & Si - capacity 400 kg Ge	   25	  



LUX	  –	  ZEPLIN	  (LZ)	  

Projected	  90%	  confidence	  limits	  on	  the	  spin-‐
independent	  elas$c	  WIMP-‐nucleon	  cross	  sec$ons	  for	  
LZ	  (red)	  along	  with	  the	  current,	  world's-‐best	  limits	  
from	  LUX	  (black)	  and	  the	  LUX	  300	  day	  projec$on	  
(black	  dashed)	  	  The	  dashed	  red	  curve	  is	  based	  on	  S2	  
only	  analyses	  in	  LZ.	  LZ	  results	  are	  for	  1,000	  days.	  

26	  

7	  tonnes	  of	  LXe	  inside	  dual	  –	  phase	  TPC	  
ScinEllator	  veto	  substanEally	  increases	  background	  rejecEon	  	  
Located	  in	  water	  tank	  (same	  as	  LUX)	  at	  Sanford	  Underground	  Research	  Facility	  (SURF),	  Lead,	  SD	  



Darkside-‐G2	  

Liquid	  Argon	  
	  (5	  Tonnes)	  in	  Cryostat	  

Neutron-‐Sensi$ve	  
Scin$llator	  Veto	  

Water	  Tank	  
27	  



Xenon1T– construction, expected operations 2015, LNGS.   
Liquid Xenon 3200 kg Total, 1300 kg Fiducial used for estimates. 
 
Upgrade – Liquid Xenon to 7000 kg Total, reuse cryostat & water tank 28	  

XENON1T	  +	  Upgrade	  XENON1T in Hall B!
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DRIFT-‐III	  

DRIFT3''Version'1.0' 33'

The	  DRIFT-‐IId	  detector	  
in	  Boulby	  is	  now	  
running	  background-‐
free.	  	  With	  only	  27.6	  
days	  our	  limits	  have	  
improved	  by	  a	  factor	  
of	  almost	  10.	  

DRIFT	  is	  now	  
severely	  volume	  
limited.	  	  DRIFT-‐III	  
will	  be	  30x	  the	  
size	  of	  the	  current	  
DRIFT-‐II	  class	  
detectors.	  
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DM-‐ICE	  250	  North	  

500	  kg•years	  
(2	  -‐	  4	  keV)	  with	  1,	  2,	  and	  5	  
dru	  background	  	  

500	  kg•years	  
(2	  -‐	  4	  keV)	  with	  1,	  2,	  and	  5	  
dru	  background	  	  

500	  kg•years	  
(2	  -‐	  4	  keV)	  with	  1,	  2,	  and	  5	  
dru	  background	  	  

500	  kg•years	  
(2	  -‐	  4	  keV)	  with	  1,	  2,	  and	  5	  
dru	  background	  	  

500	  kg•years	  
(2	  -‐	  4	  keV)	  with	  1,	  2,	  and	  5	  
dru	  background	  	  

Directly	  test	  DAMA’s	  asser$on	  that	  the	  
observed	  annual	  modula$on	  is	  due	  to	  dark	  
ma]er	  &	  understand	  its	  origin	  

250	  kg	  NaI	  

Movable	  to	  South	  Pole	  

DAMA	  
Allowed	  
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G2	  People	  And	  Money	  
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Project	  
People	   Money	  ($	  Million)	  

Head	  
Ct.	   FTE	   DOE	   NSF	   Other	   Agency	  Total	  

A	   105	   0	   10.3	   7	   10.3	  
B	   80	   17.9	   10.6	   3.4	   28.5	  
C	   30	   0	   4	   0	   4	  
D	   60	   55	   3.7	   2.7-‐3.2	   1.5-‐2	   6.4-‐6.9	  
E	   30	   0	   2	   0	   2	  
F	   142	   7	   16	   23	  
G	   127	   22.6	   11.5	   20.9	   34.1	  
H	   6	   5	   0	   0	   5	  

Total	   >574	   56.2	   57.1-‐57.6	   >32.8-‐33.3	   113.3-‐113.5	  
EsEmate	  Available:	  	  	  	  	  24	  	  	  	  	  	  	  	  	  	  	  10-‐22	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  34-‐46	  	  



March	  LeLer	  to	  Agencies	  
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To: James Siegrist, Director DOE HEP; Fleming Crim, AD NSF MPS
Cc: Kathy Turner, Michael Salamon, Jim Whitmore, Jean Cottam Allen
Fr: Direct Detection community scientists
Sb: Need to increase funds supporting G2 experiments within DOE and NSF

In community discussions during the Cosmic Frontier Workshop at SLAC (March 6-8, 2013)
about the expected budgetary profile presented by the agencies, it became clear that  the
US is in danger of losing its lead in the Dark Matter field, just as we begin to probe
parameter space for what could be the paradigm-changing discovery.  If we remain within
the planned funding profile, we can fund at most two major experiments, and then only by
forcing them to reduce substantially their capabilities and science reach. The addition of
roughly $20M at DOE HEP and a commensurate budget at NSF, would greatly increase the
chance for our US community to convincingly discover dark matter. This would allow
experiments with complementary capabilities and different systematics, more complete cross
checks in regions of sensitivity overlap, and a more effective program to explore the
technologies that will be selected for G3.  

The scientific and technological justification for this increase in funding has been
substantially strengthened over this past year (see presentations at Cosmic Frontier
Workshop https://indico.fnal.gov/conferenceTimeTable.py?confId=6199#20130307). We have
input from LHC and from indirect searches which impact the G2 parameter space, and we have
the cost estimates for the G2 R&D programs selected as "must fund" by the FOA (Funding
Opportunity Announcement) review committee. 

As detailed in the DOE FOA, after the $7M in FY13 for R&D, the funding profile from the
requested MIE within the DOE HEP plans for $13M, $9M and $9M in each of FY14, FY15 and
FY16.  Our request is to significantly increase this funding by roughly doubling the
amounts in FY15 and FY16 or, if that is not possible, by continuing the funding profile at
similar levels through FY17 and FY18.  As Jim Whitmore outlined in his presentation to
DURA on Tuesday, March 5, 2013, the NSF has a different budgetary process. However, given
the experience of the Dear Colleague Letter on Underground Science, it is also likely that

Blas Cabrera <cabrera@stanford.edu>
To: Jim Siegrist <Jim.Siegrist@science.doe.gov>, 
Fleming Crim <fcrim@nsf.gov>, Kathy Turner <kathy.turner@science.doe.gov>, 
Michael Salamon <Michael.Salamon@science.doe.gov>, James Whitmore 
<jwhitmor@nsf.gov>, Jean Cottam Allen <jcallen@nsf.gov>
Cc: Dan Akerib <akerib@phantom.phys.cwru.edu>, Adam Bernstein <Bernstein3@llnl.gov>, 
Blas Cabrera <cabrera@stanford.edu>, Frank Calaprice <frankc@princeton.edu>, Juan 
Collar <collar@uchicago.edu>, Priscilla Cushman <prisca@physics.umn.edu>, Enectali 
Figueroa-Felici <enectali@mit.edu>, Richard Gaitskell <Richard_Gaitskell@brown.edu>, Gil 
Gilchriese <MGGilchriese@lbl.gov>, Sunil Golwala <golwala@caltech.edu>, Bob Jacobsen 
<jacobsen@berkeley.edu>, Daniel McKinsey <daniel.mckinsey@yale.edu>, Harry Nelson 
<hnn@charm.physics.ucsb.edu>, Richard Partridge <richp@slac.stanford.edu>, Bernard 
Sadoulet <Sadoulet@berkeley.edu>, peter f sorensen <pfs@llnl.gov>, Tom Shutt 
<tshutt@cwru.edu>, Mani Tripathi <mani@physics.ucdavis.edu>, Karl van Bibber 
<karl.van.bibber@nuc.berkeley.edu>, "Robert C. Webb" <webb@physics.tamu.edu>, 
Micheal Witherell <witherell@research.ucsb.edu>, Frank Wolfs <wolfs@pas.rochester.edu>
Request to increase funding for DOE G2

 

March 15, 2013  10:28 PM

the amount requested from NSF for G2 joint experiments will also far exceed the routine
investment capability of Particle and Nuclear Astrophysics.  

Within an expanded but still modest funding profile at both DOE and NSF, the US has the
opportunity to continue its leadership of the dark matter searches, and reap the rewards
from the much-anticipated discovery of WIMPs or axions. We hope you can find a way to
bolster the US G2 program to allow the suite of experiments needed to make these
discoveries,

Dan Akerib
Adam Bernstein
Blas Cabrera
Frank Calaprice
Juan Collar
Prisca Cushman
Enectali Figueroa-Feliciano
Rick Gaitskell
Gil Gilchriese
Sunil Golwala
Bob Jacobsen
Dan McKinsey
Harry Nelson
Richard Partridge
Bernard Sadoulet
Peter Sorensen
Tom Shutt
Mani Tripathi
Karl van Bibber
Bob Webb
Mike Witherell
Frank Wolfs

Responses	  posted	  at	  
	  

hLp://www.snowmass2013.org/Eki-‐index.php?page=LeLers	  
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Scien&sts)Working)in)Dark)Ma2er)Direct)Detec&on)by)year)

Most	  of	  the	  world’s	  DM	  
Physicists	  part	  of	  G2	  Headcount	  



Other	  Large	  World	  Experiments	  
•  DEAP	  -‐	  single	  phase	  Liquid	  Argon	  (operaEons	  in	  2014)	  

–  3600	  kg,	  1000	  kg	  fiducial,	  Pulse	  Shape	  DiscriminaEon	  
–  Head	  Count	  –	  about	  70	  
–  SNOLAB,	  Canada,	  UK	  
–  Prove	  39Ar	  rejecEon	  (as	  will	  Darkside-‐50	  (TPC))	  

•  MiniCLEAN	  –	  single	  phase	  Liquid	  Argon	  (operaEons	  in	  2014)	  
–  500	  kg,	  150	  kg	  fiducial,	  Pulse	  Shape	  DiscriminaEon	  
–  SNOLAB,	  US,	  UK	  
–  Prove	  39Ar	  rejecEon	  with	  dedicated	  39Ar	  injecEon	  

•  XMASS	  –	  single	  phase	  Liquid	  Xenon	  (operaEng)	  
–  100	  kg	  Fiducial,	  1000	  kg	  (2015)	  [835	  kg,	  5000	  kg]	  
–  Head	  Count	  –	  about	  50	  
–  Kamioka,	  Japan	  

•  PandaX	  –	  dual	  phase	  Liquid	  Xenon	  TPC	  
–  25	  kg	  (2013),	  300	  kg	  (2014);	  then	  1000	  kg	  (Phase	  2)	  
–  Head	  Count	  –	  about	  40	  
–  JinPing	  (deep	  and	  radiopure)	  China,	  US	  
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R	  &	  D	  
•  Officially…	  DONE.	  	  Project	  Proposals	  SubmiLed	  
•  Long	  duraEon	  exposures	  of	  Darkside-‐50,	  DEAP,	  
and	  COUPP-‐60	  are	  important	  

•  G2	  will	  teach	  us	  a	  lot;	  upgrades	  desirable	  
•  Radiopurity	  –	  G2	  done	  project	  by	  project	  
– Double	  beta	  decay	  has	  achieved	  levels	  1/100	  of	  G1	  
– Successor	  to	  G2	  will	  need	  more	  programmaEc	  
approach,	  and	  will	  need	  to	  commence	  well	  in	  
advance	  of	  G3	  

– Barrier	  to	  collaboraEons	  with	  Nuclear	  Physics	  has	  
been	  counterproducEve	  
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`Benefit	  US	  FaciliEes	  &	  Development	  
of	  Key	  US	  CapabiliEes’	  

•  The	  US	  has	  generally	  led	  the	  world	  in	  direct	  dark	  
maLer	  experimentaEon	  over	  the	  past	  30	  years.	  

•  More	  deep	  underground	  floor	  space	  is	  right	  now	  
available	  outside	  the	  US	  than	  inside	  the	  US.	  

•  A	  porEon	  of	  the	  direct	  dark	  maLer	  community	  
strongly	  supports	  experiments	  sited	  in	  the	  US;	  
another	  porEon	  follows	  underground	  facility	  
availability.	  
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Depth 

I� The G2 sites range in depth  from 
3600-7000 m.w.e. 
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G3	  
•  G2	  Program	  through	  about	  2020	  
•  G3	  –	  something	  like	  10’s	  of	  tonnes,	  $100	  million	  
•  Get	  into	  the	  irreducible	  neutrino	  background	  for	  SI	  

•  1-‐3	  in	  the	  world	  	  

•  No	  US	  underground	  facility	  large	  enough	  right	  now	  
to	  host	  

•  Depth:	  some	  would	  say	  SURF/Gran	  Sasso	  depth	  
sufficient,	  others	  disagree	  
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Thanks!	  

•  Mike	  Witherell,	  Blas	  Cabrera,	  Peter	  Meyers,	  
Mike	  Crisler,	  Juan	  Collar,	  Stephen	  Pordes,	  Dan	  
McKinsey,	  Elena	  Aprile,	  Gil	  Gilchriese,	  Tom	  
ShuL,	  Dan	  McKinsey,	  Luca	  Grandi,	  CrisEan	  
GalbiaE,	  Andrew	  Hime,	  Wick	  Haxton,	  Dan	  
Snowden-‐I�,	  Reina	  Maruyama	  

•  All	  mistakes	  are	  mine,	  and	  my	  apologies	  for	  
them	  

41	  



Conclusions	  
•  WIMP	  (and	  axion)	  Direct	  Dark	  MaLer	  DetecEon	  has	  
been	  a	  hotbed	  of	  US	  Enterprise	  and	  InnovaEon	  for	  
the	  past	  26	  years.	  

•  We	  have	  led	  the	  world.	  
•  We	  know	  budgets	  are	  Eght.	  
•  Few	  (if	  any)	  endeavors	  have	  this	  sector’s	  potenEal	  
for	  startling	  discovery.	  
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